elevational variation in the thermal dependence of fitness-related traits (incubation time, 23 hatching rate, and survivorship, size, and condition of hatchlings) to assess the role of 24 incubation requirements in distribution range limits of the alpine endemism Iberolacerta 25 cyreni. We captured gravid females from two core (summit) and two marginal (low-26 elevation edge) populations, we incubated their eggs at three temperatures (22, 26 and 27 30ºC), and we monitored phenotypic effects. Viability of eggs and hatchlings decreased, 28 independently of elevation, as incubation temperature increased. Hatching success and 29 embryo survivorship were lower for clutches from low-elevation areas than for those from 30 mountain summits, showing that lizards face difficulties to thrive at the low-elevation edge 31 of their range. Such difficulties were partly counterbalanced by faster postnatal growth at 32 lower elevations, leading to increased adult size and higher fecundity. High incubation 33 temperature had detrimental effects also at low-elevation areas, and no elevational variation 34 in the thermal dependence of hatchling traits was detected. We suggest that temperature 35 effects on egg development and lack of selective pressures strong enough to foster local 36
Introduction 41
For the analysis of the relationships between female body size, geographic area 166 (Gredos vs. Guadarrama) and altitude, we increased sample size to N = 148 by adding 167 records from previous studies (Monasterio et al., 2010a; Monasterio et al., 2011) from 168 several other localities in both mountain belts that could again be classified as high 169 altitude sites (core alpine areas located at mountain summits) vs. marginal sites (lower 170 altitude areas beyond which I. cyreni is absent). 171
Lizards were housed in white opaque wall terraria (40 × 60 × 30 cm; 2 females 172 per cage) which were covered by a green net (0.5-cm mesh) that prevented escape. The 173 mesh provided a shrubby-like shelter while still allowing daylight to enter the cages. Growth rates of juveniles were estimated both for size (SVL) and body mass using the 206 formula: 207
Growth rate (in days -1 ) = Ln (measurement at an age of 21 days / measurement at hatching) / 21.
208
These estimates reflect the proportionate increase in size or mass on a per-day basis 209 (Sinervo, 1990) . At the end of the experiment, juveniles were released at their mother's 210 site of capture. 211
212

Characterisation of field thermal environments 213
To characterize the thermal environments available at each study site, we registered soil 214 temperatures using Thermochron Ibutton temperature loggers that were placed at 5 cm 215 depth in soil under bare ground. We used four sampling points at each study site 216 separated by at least 100 m. 
Statistical analyses 225
We analyzed our data using the General Linear Models (GLM) and Log-Linear Analysis 226 modules of the statistical package Statistica 7.0. For log-linear analyses (used for testing 227 the significance of two-and higher order interactions among hatching success or embryo 228 survival as the response variable, and area, altitude and temperature as the design 229 factors), we provide maximum likelihood ratio chi-square tests for the overall fit of the 230 model and for the partial association of each effect included in the model; the partial 231 association evaluates the significance of the respective effect by comparing the model 232 that includes all effects (i.e. interactions) of the same order with the model without the 233 respective effect. 234
We checked the assumptions of parametric tests (normality and homogeneity of 235 variances) before using GLM's. In addition, the mixed GLM, used for testing the 236 significance of clutch (random factor) and temperature, altitude, and area (fixed factors) 237 on hatchling phenotypes, requires leaving the random effects independent of the fixed 238 effects (Searle, Casella & McCulloch, 1992) Females differed in size between areas (Gredos vs. Guadarrama) and altitudes (mean 251 SVL ± 1 SE and sample size: Gredos, core areas: 73.1 ± 0.7 mm, N = 31; Gredos, low-252 elevation edge of the range: 75.5 ± 1.0 mm, N = 15; Guadarrama, core areas: 69.7 ± 0.8 253 mm, N = 45; Guadarrama, low-elevation edge of the range: 71.6 ± 0.9 mm, N = 57). 254
Females from Gredos were larger than those from Guadarrama, and lower elevation 255 females were larger than higher elevation ones (two-way ANOVA: area F 1, 144 = 13.13, P 256 < 0.001; altitude: F 1, 144 = 4.54, P = 0.034; area x altitude interaction: F 1, 144 = 0.04, P = 257
0.844). 258
Lower elevation females laid larger and heavier clutches than higher elevation 259 ones, whereas mean egg mass was larger for females from Guadarrama than for those 260 from Gredos (Table 1) Gredos; see Table 1) 
279
= 11.76, df = 1, P < 0.001). The first interaction indicates that hatching success was 280 higher for eggs from Gredos than for those from Guadarrama, whereas the second 281 interaction shows that hatching success increased with elevation (Table 2) . Temperature 282 did not influence hatching success (partial association:
Interestingly, the interaction between area, altitude, and hatching success was close to 284 zero (partial association: P = 0.983). We can therefore conclude that hatching success 285 decreases near the lower limit of the altitudinal range, independently of the mountain belt 286 considered and incubation temperature experienced. 287 288
Incubation time 289
Incubation time decreased dramatically with increasing temperature (28.5 ± 0.2, 36.3 ± 290 0.3, and 51.0 ± 0.3 days for 30, 26, and 22ºC, respectively), and it was somewhat longer 291 for eggs from Guadarrama than for those from Gredos (38.2 ± 0.8, and 39.3 ± 1.0 days , 292 respectively), but it did not differ significantly between high and low elevation sites 293 (temperature: F 2, 191 = 2,048.33, P < 0.001; area: F 1, 46.88 = 6.03, P = 0.018; altitude: F 1, 294
12.32 = 0.0002, P = 0.989). However, the difference between areas became non-significant 295 after controlling for the effects of egg mass (F 1, 71.31 = 1.90, P = 0.172). Familial (i.e. 296 clutch) effects were significant (F 42, 191 = 3.10, P < 0.001). 297 298 Size, body condition and growth rates 299 A mixed GLM with incubation temperature, area (Gredos vs. Guadarrama) and altitude 300 as fixed factors, clutch as the random factor, and egg mass at oviposition as the covariate, 301
showed that temperature had a strong effect on SVL at hatching, with higher 302 temperatures producing smaller hatchlings (Table 3 ; temperature: F 2, 189 = 37.90, P < 303 0.001; in this and the following analyses, non-significant results are omitted). Familial 304 (i.e. clutch) effects were significant (P < 0.012) for all dependent variables except for 305 growth rates (see below). Hatchling mass also decreased at higher temperature 306 (temperature: F 2, 189 = 11.53, P < 0.001; egg mass: F 1, 189 = 9.08, P = 0.002). Because 307 SVL and body mass of hatchlings were positively correlated (r = 0.691, P < 0.001), and 308 they both decreased at higher temperature, body condition at hatching showed no 309 significant between-groups differences (ANCOVA with body mass as the dependent 310 variable and SVL at hatching and egg mass at oviposition as the covariates). 311
Relative growth rates in SVL differed significantly between temperatures and 312 elevations, being higher for lizards that came from lower elevation clutches and for those 313 incubated at warmer temperatures ( Fig. 2 ; temperature: F 2, 156 = 88.55, P < 0.001; 314 altitude: F 1, 65.93 = 4.75, P = 0.033). Relative growth rates in body mass differed onlyamong temperature treatments, being higher for juveniles that came from warmer 316 incubation treatments (temperature: F 2, 156 = 42.63, P < 0.001). 317
After three weeks of postnatal growth, the larger growth rates of juveniles coming 318 from eggs incubated at warmer temperatures (especially at 30 ºC) allowed them to 319 overpass the size of their siblings incubated at 22 ºC (Table 3) . Thus, at an age of 21 days 320 they had compensated their initial disadvantage in both SVL (temperature: F 2, 156 = 35.42, 321 P < 0.001) and body mass (temperature: F 2, 156 = 27.88, P < 0.001), and they had reached 322 the highest body condition (Table 3 ) of the three temperature treatments (ANCOVA with 323 body mass as the dependent variable and SVL at hatching and egg mass at oviposition as 324 the covariates; temperature: F 2, 155 = 3.24, P = 0.042). No significant between-group 325 differences in body size, mass or condition at the age of three weeks were found for area, 326 elevation, or any of the interaction effects examined, although lower elevation juveniles 327 were slightly larger and heavier than higher elevation ones. 328
329
Embryo survival 330
Of the 245 neonates that hatched successfully, 19 were not viable, including the one that 331 died shortly after hatching plus other 18 individuals that showed hampered mobility, 332
could not feed successfully, and died before the end of the experiment. These symptoms 333 were identical to those previously observed for this species when incubated at high 334 Differences among study sites in overall embryo survival (from eggs to a 343 postnatal age of 21 day) were highly significant (Table 2: 
respectively). Low temperatures at the high-elevation site in 360
Guadarrama produced a significant interaction between elevation and area that increased 361 overall R 2 to 0.748, indicating that altitudinal differences in the thermal environment 362 were more pronounced for Guadarrama than for Gredos. Differences among loggers were 363 also large, as shown by the high R 2 value (0.871) of the full factorial model with logger, 364 time of day, and month as categorical predictors. Moreover, ranges of daily temperaturessuggest a wide range of thermal opportunities at each of the four study sites (Guadarrama, 366 low-elevation, mean range of daily temperatures ± 1 SE: 22.8 ± 0.5 ºC; Guadarrama, 367 high-elevation: 19.8 ± 0.5 ºC; Gredos, low-elevation: 20.4 ± 0.4 ºC; Gredos, high-368 elevation: 22.9 ± 0.5 ºC; N = 75 days in all cases). Because mean ranges were highest at 369
Guadarrama low-elevation and Gredos high-elevation, neither the main effects of site nor 370 altitude were significant in a two-way ANOVA, whereas their interaction was highly 371 significant (area: F 1, 296 = 0.57, P = 0.452; altitude: F 1, 296 = 0.40, P = 0.530: interaction: 372 F 1, 296 = 32.07, P < 0.001). 373 374 Discussion 375
376
Our results describe a scenario in which eggs and hatchlings from mothers captured at 377 low elevation areas showed reduced survivorship, which suggests that reproduction is 378 impaired at the lower limit of the elevational distribution range. Such impairment might 379 be partly counterbalanced by faster postnatal growth at lower elevations, leading to 380 increased female size and higher fecundity. However, interactions between the effects of 381 temperature and elevation were not significant either for incubation time, hatchling size, 382 hatchling mass, body condition, or growth rates, indicating a lack of elevational variation 383 in the thermal dependence of the phenotypic traits studied. Moreover, high temperatures 384 (above 30 ºC), which were unfavourable for the success of high-elevation eggs, at least in 385 Guadarrama (Monasterio et al., 2011) and results of this study), were also detrimental for 386 low-elevation eggs. Remarkably, the great variety of soil temperatures available at all 387 sites examined suggests a wide range of thermal opportunities that is likely to keep the 388 intensity of selective pressures at the edge of the range far from being able to foster local 389 adaptation.
It should be emphasized that our study was set to describe potential abiotic limits 391 on the distribution range of a lizard species confined to alpine habitats. Prior work 392 comparing I. cyreni with another, lower elevation lacertid species (Psammodromus 393 algirus) showed that thermal requirements of embryonic development, rather than 394 competition, is a major ecophysiological factor determining the elevational range limits 395 of these oviparous lizards (Monasterio et Although strictly speaking, and given our limited sample size (only two high and 407 two low-elevation sites), we can not rule out the importance of local site effects per se, 408 our data suggest that high temperatures are detrimental for eggs and hatchlings both at 409 core and low elevation areas, because the survival of propagules to an age of 3 weeks was 410 lowest at 30 ºC in the four populations examined. Although the difference in survival 411 rates between propagules incubated at 22 and 30 ºC was maximal at the highest and 412 coolest site (Guadarrama, 2200 m) and minimal at the warmest site (Guadarrama, 1800 413 m), this was not due to a higher hatching/survival rate of low-elevation eggs incubated at 414 higher temperature, but to a poorer survivorship of those incubated at low temperature. In 415 fact, survival rate was lowest (< 0.5) at the Guadarrama low-elevation site independently 416 of incubation temperature, whereas eggs from the Gredos high-elevation site hatched and 417 developed quite successfully at all incubation temperatures (rates within the range 0.91-418 0.97). In a previous study of clutches from females captured at middle elevations (1850-419 1950 m), Monasterio et al. (2011) found that increased incubation temperatures had a 420 negative effect on juvenile survival (38% viable juveniles at 32ºC), and our results 421 confirm that this species is unable to cope with progressively warmer incubation 422 conditions (> 30-32 ºC) within the thermal range encompassed in these studies (22-32ºC). 423
We can therefore conclude that high incubation temperatures are detrimental for I. cyreni 424 also at the lower limit of its elevational range. 425
Despite the fact that both offspring survival and (as a consequence) reproductive 426 success of adults were lower at the edge of the distribution range, the hatchlings from low 427 elevation areas that managed to hatch did not show any compensatory adaptive 428 modifications such as larger body size or better body condition. Regardless of site of 429 origin, higher temperatures produced smaller (SVL) and lighter (body mass) hatchlings. 430
In fact, a relevant new finding of this study is the lack of elevational variation in the 431 thermal dependence of traits such as incubation time or hatchling size or condition (Table  432 3). This lack of variation differs from previous research on other lacertid species, whose 433 
